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Foreword

Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation’s
land, air and water resources. Under a mandate of national environmental laws, the Agency strives to
formulate and implement actions leading to a compatible balance between human activities and the ability
of natural systems to support and nurture life. To meet this mandate, EPA’s research program is providing
data and technical support for solving environmental problems today and building a science knowledge
base necessary to manage our ecological resources wisely, understand how pollutants affect our health,
and prevent or reduce environmental risks in the future.

The Center for Environmental Solutions and Emergency Response (CESER) within the Office of
Research and Development (ORD) conducts applied, stakeholder-driven research and provides responsive
technical support to help solve the Nation’s environmental challenges. The Center’s research focuses on
innovative approaches to address environmental challenges associated with the built environment. We
develop technologies and decision-support tools to help safeguard public water systems and ground water,
guide sustainable materials management, remediate sites from traditional contamination sources and
emerging environmental stressors, and address potential threats from terrorism and natural disasters.
CESER collaborates with both public and private sector partners to foster technologies that improve the
effectiveness and reduce the cost of compliance, while anticipating emerging problems. We provide
technical support to EPA regions and programs, states, tribal nations, and federal partners, and serve as
the interagency liaison for EPA in homeland security research and technology. The Center is a leader in
providing scientific solutions to protect human health and the environment.

The purpose of Selected Analytical Methods for Environmental Remediation and Recovery (SAM) is to
identify the analytical methods that will be used in cases when multiple laboratories are called on to
analyze environmental samples in support of EPA remediation and recovery efforts following an
intentional or accidental homeland security-related contamination incident. The information is intended
for use by EPA and EPA-contracted and -subcontracted laboratories, such as the Environmental Response
Laboratory Network (ERLN) and Water Laboratory Alliance (WLA). It can also be used by other
agencies and laboratory networks and as a tool to assist state and local laboratories in planning for and
analyzing chemical, biological and/or radiological (CBR) environmental samples and radioactively
contaminated outdoor building material samples.

Gregory Sayles, Director
Center for Environmental Solutions and Emergency Response
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Abbreviations and Acronyms

Abbreviations and Acronyms

A-230 Methyl-[ 1-(diethylamino)ethylidene]-phosphonamidofluoridate

A-232 Methyl-[1-(diethylamino)ethylidene]-phosphoramidofluoridate

A-234 Ethyl N-[(1E)-1-(diethylamino)ethylidene]-phosphoramidofluoridate

ACS American Chemical Society

AOAC AOAC International (formerly the Association of Official Analytical Chemists)

APCI Atmospheric Pressure Chemical lonization

APHA American Public Health Association

APHL Association of Public Health Laboratories

ASM American Society for Microbiology

ASR Analytical Service Requests

ASTM ASTM International (formerly the American Society for Testing and Materials)

ATP Alternate test procedure

ATSDR Agency of Toxic Substances & Disease Registry

AWWA American Water Works Association

BA Bacillus anthracis

BAM Bacteriological Analytical Manual

BCYE Buffered charcoal yeast extract

BCYE GPCV Buffered charcoal yeast extract with glycine, polymyxin B, cycloheximide and
vancomycin

BCYE PCV Buffered charcoal yeast extract with polymyxin B, cycloheximide and vancomycin

BEH Ethylene-bridged hybrid

BGMK Buffalo green monkey kidney

BHT Butylated hydroxytoluene

BMBL Biosafety in Microbiological and Biomedical Laboratories

BoNT Botulinum neurotoxin

BSL Biosafety level

BTX Brevetoxin

BZ Quinuclidinyl benzilate

°C Degree Celsius

CAS RN Chemical Abstracts Service Registry Number

CBR Chemical, biological and/or radiological

CCD Charge-coupled device

CCID Coordinating Center for Infectious Diseases

CDC Centers for Disease Control and Prevention

CESER Center for Environmental Solutions and Emergency Response (EPA)

CFR Code of Federal Regulations

CFSAN Center for Food Safety and Applied Nutrition (U.S. Food and Drug Administration)

CHCA a-cyano-4-hydroxycinnamic acid

CLLE Continuous liquid-liquid extraction

CLP Contract Laboratory Program

CPE Cytopathic effect

cps Counts per second

Cr Cycle threshold

CVAA 2-Chlorovinylarsonous acid

CVAFS Cold vapor atomic fluorescence spectrometry

CVAOA 2-Chlorovinylarsonic acid

CWA Chemical Warfare Agent

2,4-D 2,4-Dichlorophenoxyacetic acid

DA Domoic acid

DAI Direct aqueous injection
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DAPI 4',6-Diamidino-2-phenylindole

DAS-HG-HSA Diacetoxyscirpenol hemiglutarate human serum albumin
DAS-HS-HRP Diacetoxyscirpenol hemisuccinate horseradish peroxidase conjugate
DB-1 100% Dimethylpolysiloxane

DBPR Division of Bioterrorism Preparedness and Response
decNEOSTX Decarbamoylneosaxitoxin

deSTX Decarbamoylsaxitoxin

DELFIA Dissociation-Enhanced Lanthanide Fluorescence Immunoassay
DHHS U.S. Department of Health and Human Services

DHS U.S. Department of Homeland Security

DIC Differential interference contrast

DIMP Diisopropyl methylphosphonate

DL Detection limit

DNA Deoxyribonucleic acid

2,4-DNPH 2,4-Dinitrophenylhydrazine

DOC U.S. Department of Commerce

DoD U.S. Department of Defense

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

DPD N,N-Diethyl-p-phenylenediamine

DQO Data quality objective

DTPA Diethylenetriamine-pentaacetate

DVL Detection verification level

EA2192 S-2-(Diisopropylamino)ethyl methylphosphonothioic acid
EC Escherichia coli

ECD Electron capture detector

e-CFR Electronic Code of Federal Regulations

ECL Electrochemiluminescence

ED Ethyldichloroarsine

EDC 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
EDEA N-Ethyldiethanolamine

EDL Estimated detection limit

EDTA Ethylenediaminetetraacetic acid

EDXA Energy dispersive X-ray analysis

ELFA Enzyme-linked fluorescent immunoassay

ELISA Enzyme-linked immunosorbent assay

EMC Emission Measurement Center

EML Environmental Measurements Laboratory

EMMI Environmental Monitoring Methods Index

EMPA Ethyl methylphosphonic acid

EMSL Environmental Monitoring and Support Laboratory

EPA U.S. Environmental Protection Agency

EQL Estimated quantitation limit

ERLN Environmental Response Laboratory Network

ESAM Environmental Sampling and Analytical Methods (EPA)
ESI Electrospray ionization

ESI-MS-MS Electrospray ionization — tandem mass spectrometry
ETV Environmental Technology Verification

FA Immunofluorescence assay

FAA Fluoroacetate anion

FBI U.S. Federal Bureau of Investigation

FDA U.S. Food and Drug Administration
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Abbreviations and Acronyms

FEMS Federation of European Microbiological Societies

FGC-ECD Fast gas chromatography with electron capture detection

FID Flame ionization detector

FL Fluorescence detector

FPD Flame photometric detector

FRET Forster resonance energy transfer

FRhK-4 Fetal rhesus monkey kidney

FRMAC Federal Radiological Monitoring and Assessment Center

FSIS Food Safety and Inspection Service

GA Tabun

GB Sarin

GC Gas chromatograph or Gas chromatography

GC-ECD Gas chromatography-electron capture detector

GC-FID Gas chromatography-flame ionization detector

GC-FPD Gas chromatography-flame photometric detector

GC-MS Gas chromatography-mass spectrometry

GC-MS-TOF Gas chromatography-mass spectrometry-time of flight

GC-NPD Gas chromatography-nitrogen-phosphorus detector

GD Soman

GE 1-Methylethyl ester ethylphosphonofluoridic acid

Ge Germanium

Ge(Li) Germanium (Lithium)

GF Cyclohexyl sarin

GFAA Graphite furnace atomic absorption spectrophotometer or Graphite furnace atomic
absorption spectrophotometry

GTX Gonyautoxins

HASL Health and Safety Laboratory, currently known as National Urban Security
Technology Laboratory (NUSTL)

HAV Hepatitis A virus

HCoV Human coronavirus

HD Sulfur mustard / mustard gas; bis(2-chloroethyl) sulfide

HEPA High-efficiency particulate air

HEV Hepatitis E virus

HFBA Heptafluorobutyric anhydride

HFBI Heptafluorobutyrylimidazole

HHS U.S. Health and Human Services

HILIC Hydrophilic interaction liquid chromatography

HILIC-MS-MS Hydrophilic interaction liquid chromatography-tandem mass spectrometry

HLB Hydrophilic-lipophilic-balanced

HMTD Hexamethylenetriperoxidediamine

HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine

HN-1 Nitrogen mustard 1; bis(2-chloroethyl)ethylamine

HN-2 Nitrogen mustard 2; 2,2'-dichloro-N-methyldiethylamine N,N-bis(2-
chloroethyl)methylamine

HN-3 Nitrogen mustard 3; tris(2-chloroethyl)amine

HPGe High purity germanium

HPLC High performance liquid chromatography

HPLC-FL High performance liquid chromatography-fluorescence

HPLC-MS High performance liquid chromatography-mass spectrometry

HPLC-MS-MS High performance liquid chromatography tandem mass spectrometry

HPLC-UV High performance liquid chromatography-ultraviolet

HPLC-vis High performance liquid chromatography-visible
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Abbreviations and Acronyms

HRP Horseradish peroxidase

HSMMD Homeland Security and Materials Management Division

HSRP Homeland Security Research Program

HTO Tritiated water

HV High volume

IC Ion chromatograph or Ion chromatography

ICLN Integrated Consortium of Laboratory Networks

ICP Intestinal contents preparation (pathogens); Inductively coupled plasma (chemistry)
ICP-AES Inductively coupled plasma — atomic emission spectrometry

ICP-MS Inductively coupled plasma — mass spectrometry

L.D. Inner diameter

IDL Instrument detection limit

IMPA Isopropyl methylphosphonic acid

IMS Immunomagnetic separation

10 Inorganic

IPR Initial precision and recovery

IRIS Integrated Risk Information System (EPA)

ISE Ion specific electrode

ISG Impregnated silica gel

ISMO02.3 Inorganic Superfund Methods Multi-Media, Multi-Concentration ISM02.3
ISO International Organization for Standardization

KHP Potassium hydrogen phthalate

L-1 Lewisite 1; 2-Chlorovinyldichloroarsine

L-2 Lewisite 2; bis(2-Chlorovinyl)chloroarsine

L-3 Lewisite 3; tris(2-Chlorovinyl)arsine

LC Liquid chromatograph or Liquid chromatography

LC-APCI-MS Liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry
LC-ESI-MS Liquid chromatography-electrospray ionization-mass spectrometry
LC-ESI-MS-MS  Liquid chromatography-electrospray ionization-tandem mass spectrometry
LCMRL Lowest common minimum reporting level

LC-MS Liquid chromatography-mass spectrometry

LC-MS-MS Liquid chromatography tandem mass spectrometry

LC-PIM-MS Liquid chromatography-product ion monitoring-mass spectrometry
LC-UV Liquid chromatography-ultraviolet

LD50 Median lethal dose

LFA Lateral flow immunoassay

LFD Lateral flow device

LLD Lower limit of detection

LLOQ Lower limit of quantitation

LOD Limit of detection

LOQ Limit of quantitation

LRN Laboratory Response Network

LSC Liquid scintillation counter

LSE Liquid-solid extraction

M Molar

mAbs Monoclonal antibodies

MAE Microwave-assisted extraction

MALDI Matrix-assisted laser-desorption ionization

MALDI-TOF-MS Matrix-assisted laser desorption ionization-time-of-flight mass spectrometry
MARLAP Multi-Agency Radiological Laboratory Analytical Protocols

MC Microcystin

MDC Minimum detectable concentration
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Abbreviations and Acronyms

MDCK Madin-Darby canine kidney cells

MDEA N-Methyldiethanolamine

MDL Method detection limit

MFA Methyl fluoroacetate

MIC Methyl isocyanate

mLDsg Mouse lethal dose

MPA Methylphosphonic acid

MRL Minimum reporting level

MRM Multiple reaction monitoring

mRNA Messenger ribonucleic acid

MS Mass spectrometer or Mass spectrometry

MS-MS Tandem mass spectrometry

MS/MSD Matrix spike/Matrix spike duplicate

MSE Microscale solvent extraction

MTBE Methyl tert-butyl ether

MW Molecular weight

MWCO Molecular weight cut-off

NA Not applicable

Nal(TI) Thallium-activated sodium iodide

NAREL National Air and Radiation Environmental Laboratory
NBD chloride 7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole

NCPDCID National Center for the Prevention, Detection, and Control of Infectious Diseases
NCRP National Council on Radiation Protection and Measurements
NEMI National Environmental Methods Index

NEO Neosaxitoxins

NERL National Exposure Research Laboratory (EPA)
NHSRC National Homeland Security Research Center (EPA)
NIOSH National Institute for Occupational Safety and Health
NIST National Institute of Standards and Technology

nM Nanomolar

NMAM NIOSH Manual of Analytical Methods

NNSA National Nuclear Security Administration

NOD Nodularins

NPD Nitrogen-phosphorus detector

NRC U.S. Nuclear Regulatory Commission

NRMRL National Risk Management Research Laboratory (EPA)
nS Nano siemens

NTIS National Technical Information Service

NTU Nephelometric turbidity units

OAQPS Office of Air Quality Planning and Standards (EPA)
OAR Office of Air and Radiation (EPA)

OGWDW Office of Water, Office of Ground Water and Drinking Water (EPA)
OLEM Office of Land and Emergency Management (EPA)
OPR Ongoing precision and recovery

ORAU Oak Ridge Associated Universities

ORD Office of Research and Development (EPA)

ORIA Office of Radiation and Indoor Air (EPA)

ORISE Oak Ridge Institute for Science and Education

OSHA Occupational Safety and Health Administration

OVS OSHA versatile sampler

ow Office of Water (EPA)

PCDDs Polychlorinated dibenzo-p-dioxins
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Abbreviations and Acronyms

PCDFs Polychlorinated dibenzofurans

PCR Polymerase chain reaction

PEL Permissible exposure limit

PETN Pentaerythritol tetranitrate

PFBHA 0-(2,3.,4,5,6-pentafluorobenzyl)-hydroxylamine

PFE Pressurized fluid extraction

PHILIS Portable High Throughput Integrated Laboratory Identification Systems
PIM Product ion monitoring

PLOS Public Library of Science

PLRP-S Polymeric reversed phase

PMPA Pinacolyl methyl phosphonic acid

1,2-PP 1-(2-Pyridyl)piperazine

PP2A Protein Phosphatase 2A

ppbv Parts per billion by volume

pptv Parts per trillion by volume

PST Paralytic shellfish toxin

PTFE Polytetrafluoroethylene

PUF Polyurethane foam

PVC Polyvinyl chloride

PVDF Polyvinylidene fluoride

QA Quality assurance

QAP Quality assessment program

QAPP Quality assurance project plan

QC Quality control

QL Quantitation limit

qPCR Quantitative polymerase chain reaction

R 33 Methylphosphonothioic acid, S-[2-(diethylamino)ethyl] O-2-methylpropyl ester (VR)
RBA Receptor binding assay

RCRA Resource Conservation and Recovery Act

RDX Hexahydro-1,3,5-trinitro-1,3,5-triazine

RESL Radiological and Environmental Sciences Laboratory

RFV Relative fluorescence value

RLAB Regional laboratory method

RLU Relative light units

RNA Ribonucleic acid

RNAse Ribonuclease

rRNA Ribosomal ribonucleic acid

RSD Relative standard deviation

RTECS Registry of Toxic Effects of Chemical Substances

RTG Radioisotope thermoelectric generator

RT-PCR Reverse transcription-polymerase chain reaction

RT-gPCR Quantitative reverse transcription-polymerase chain reaction
RV-PCR Rapid viability-polymerase chain reaction

RV-RT-PCR Rapid viability-reverse transcription-polymerase chain reaction
SAED Select area electron diffraction

SAM Selected Analytical Methods for Environmental Remediation and Recovery
SAP Sampling and analysis plan

SARS Severe acute respiratory syndrome

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 (COVID-19)
SCID Sample Collection Information Document

SEA Staphylococcal enterotoxin type A

SEB Staphylococcal enterotoxin type B
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Abbreviations and Acronyms

SEC Staphylococcal enterotoxin type C

SED Staphylococcal enterotoxin type D

SEE Staphylococcal enterotoxin type E

SET Staphylococcal enterotoxin

SIM Selective ion monitoring

SIS Selected ion storage

SM Standard Methods for the Examination of Water and Wastewater
SOP Standard operating procedure

SOW Statement of work

SPE Solid-phase extraction

SPR Solid-phase receptacle

SRC Syracuse Research Corporation

SRM Single reaction monitoring

SRS Savannah River National Laboratory, Savannah River Site
STEC Shiga-toxigenic E. coli

STEL Short term exposure limit

STS Sample test source

STX Saxitoxin

Stx Shiga toxin

Stx-1 Shiga toxin Type 1

Stx-2 Shiga toxin Type 2

SW Solid waste

To Time zero

T20 Tritium oxide

TBD To be determined

TCLP Toxicity Characteristic Leaching Procedure
TDG Thiodiglycol

TEA Triethanolamine

TEM Transmission electron microscope or Transmission electron microscopy
TEPP Tetraethyl pyrophosphate

TETS Tetramethylenedisulfotetramine or tetramine
T Time final

THF Tetrahydrofuran

TIC Total ion chromatogram

TIOA Tri-isooctylamine

1,3,5-TNB 1,3,5-Trinitrobenzene

2,4,6-TNT 2,4,6-Trinitrotoluene

TO Toxic Organic

TOF Time-of-flight

TOF-MS Time-of-flight mass spectrometry

TOPO Trioctylphosphine oxide

TOXNET Toxicology Data Network

TRF Time-resolved fluorescence

TRU Transuranic

TTX Tetrodotoxin

UF Ultrafiltration

UPLC Ultra performance liquid chromatography
U.S. United States

USDA U.S. Department of Agriculture

USGS U.S. Geological Survey

uv Ultraviolet

VBNC Viable but non-culturable
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Abbreviations and Acronyms

VC Vibrio cholerae

VCSB Voluntary Consensus Standard Body

VE Phosphonothioic acid, ethyl-, S-(2-(diethylamino)ethyl) O-ethyl ester

VG Phosphonothioic acid, S-(2-(diethylamino)ethyl) O,0-diethyl ester

vis Visible detector

VM Phosphonothioic acid, methyl-,S-(2-(diethylamino)ethyl) O-ethyl ester

VOA Volatile organic analysis

vVOC Volatile organic compound

VR Methylphosphonothioic acid, S-[2-(diethylamino)ethyl] O-2-methylpropyl ester (R
33)

VX O-Ethyl-S-(2-diisopropylaminoethyl)methylphosphonothiolate

WCIT Water Contaminant Information Tool

WEF Water Environment Federation

WHO World Health Organization

WLA Water Laboratory Alliance

WSD Water Security Division (EPA, Office of Water)

YP Yersinia pestis
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Executive Summary

Executive Summary

The U.S. Environmental Protection Agency’s (EPA’s) Selected Analytical Methods for Environmental
Remediation and Recovery (SAM) represents the latest step in an ongoing effort of EPA’s Homeland
Security Research Program (HSRP) to provide selected analytical methods to laboratories tasked with
analyzing environmental samples in support of EPA remediation and recovery efforts following an
intentional or accidental homeland security-related contamination incident. The information is intended
for use by EPA and EPA-contracted and -subcontracted laboratories; it also can be used by other agencies
and laboratory networks and as a tool to assist state and local laboratories in planning for and analyzing
chemical, biological and/or radiological (CBR) environmental samples and radioactively contaminated
outdoor building material samples. The information also can be found on the Environmental Sampling
and Analytical Methods (ESAM) Program website via the Selected Analytical Methods for Environmental
Remediation and Recovery (SAM) webpage, which provides a searchable query tool for users to access
supporting information regarding selected methods.

Although not all of the selected methods have been validated at this time, they are considered to contain
the most appropriate currently available techniques, based on expert judgment of the SAM technical work
groups. Usability tiers have been assigned to the methods selected for chemical, pathogen and biotoxin
analytes to provide an indication of method applicability (i.e., the extent to which the methods have been
tested and applied for analysis of the specific analyte and sample type for which they have been selected).
Method usability tiers are not assigned to methods that address radiochemistry analytes. Unless a method
states applicability to a specific analyte/sample type, it should be assumed that method evaluation is
needed, and adjustments may be required to accurately account for variations in analyte/sample type
characteristics, environmental samples, analytical interferences and data quality objectives (DQOs).

EPA strives to continue development and evaluation of analytical methods and protocols, including
optimization of procedures for measuring target analytes or agents in specific sample types, as
appropriate. In cases where method procedures are determined to be insufficient for a particular situation,
HSRP will continue to provide technical support regarding appropriate actions. HSRP has also compiled
information and published documents regarding sample collection, rapid screening/preliminary
identification equipment, and disposal of samples corresponding to the analytes and sample types
addressed in this document. This information is available on the SAM Companion Sample Collection
Information Documents (SCIDs) webpage and Sample Collection Procedures and Strategies webpage.

Product Development Quality Assurance

The information in this document is based on secondary sources, including peer-reviewed scientific
methods, manuals and publications; federal agency websites; industry providers of equipment and
materials (i.e., vendors); and nationally-recognized scientific, technical or response organizations. Full
citations and links to each method and cited publication are provided throughout the document.

The document completed several review cycles prior to publication, including EPA project lead
review, technical work group reviews, internal EPA technical review, Homeland Security and
Materials Management Division (HSMMD) quality assurance and technical edit reviews, external
technical review, and HSMMD management reviews. All comments from reviewers have been tracked
and are maintained by EPA, along with the revisions and adjustments made to address the comments.
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Section 1 — Introduction

Section 1.0: Introduction

After the terrorist attacks of September 11, 2001 and the anthrax attacks in the fall of 2001, federal and
state personnel provided response, recovery and remediation under trying circumstances, including
unprecedented demand on laboratory capabilities to analyze environmental samples. Caused naturally or
by humans, environmental emergencies continue to challenge our Nation. The use of chemical threats
world-wide and several recent water system contamination incidents, such as the 2014 industrial storage
tank leak into West Virginia’s Elk River, remind us of the impact that contaminants can have on public
health. Radiological contamination following the Fukushima Daiichi nuclear disaster in 2011
demonstrated the significant impact and challenge of cleaning up large-scale contamination. Smaller-scale
incidents such as attempted ricin poisonings in several communities around the country highlight the
ever-present threat of terrorism post 2001. Natural disasters such as the 2014 microcystins contamination
of drinking water in Toledo, Ohio, continue to threaten and damage water systems and infrastructure,
leading to contamination and waterborne disease. The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic and opioid crisis (e.g., fentanyl) have resulted in public health concerns due to
environmental contamination of air and surfaces.

Following the 2001 attacks, the U.S. Environmental Protection Agency (EPA) identified several areas to
enhance the resiliency of the Nation following homeland security-related incidents resulting in
contamination.! The need to improve the Nation’s laboratory capacity and capability to analyze
environmental samples following such incidents was one of the most important areas identified and
remains so today. To address these needs, EPA formed the Homeland Security Laboratory Capacity Work
Group, charged with identifying and implementing opportunities for near-term improvements and to
develop recommendations for addressing longer-term laboratory issues. A critical area identified was the
need for a list of selected analytical methods to be used by all laboratories when analyzing contamination
incident samples and, in particular, when analysis of a large number of samples is required over a short
period of time.

Since 2004, EPA, through its Homeland Security Research Program (HSRP), has brought together
workgroups consisting of technical experts from across EPA and other interested agencies to address site
characterization, remediation and clearance following homeland security-related contamination incidents,
and to develop this compendium of analytical methods to be used when analyzing environmental samples,
which is now referred to as EPA’s Selected Analytical Methods for Environmental Remediation and
Recovery (SAM) %3, Participants in the SAM technical workgroups have included representatives from
EPA program offices, regions, and laboratories, including the Offices of Research and Development
(ORD), Air and Radiation (OAR), Water (OW), Land and Emergency Management (OLEM),
Environmental Information, and Chemical Safety and Pollution Prevention. Technical workgroups have
also included participants from the U.S. Centers for Disease Control and Prevention (CDC), Food and
Drug Administration (FDA), Department of Homeland Security (DHS), Federal Bureau of Investigation
(FBI), Department of Defense (DoD), Department of Energy (DOE), Department of Agriculture (USDA),
Geological Survey (USGS) and Department of Commerce (DOC), as well as other federal, state and local
agencies, public utilities, municipalities and universities. Many work group members work closely with

! For the purposes of SAM, homeland security-related incidents encompass man-made contamination (whether
intentional or unintentional), natural disasters and epidemics that impact or threaten the safety, security and
resiliency of the United States.

2 This document was developed in accordance with the quality objectives outlined in the project’s quality assurance
project plan.

3 Formerly EPA’s Standardized Analytical Methods for Environmental Restoration Following Homeland Security
Events. SAM and its methods are available at: https://www.epa.gov/esam/selected-analytical-methods-
environmental-remediation-and-recovery-sam.
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Section 1 — Introduction

EPA’s Environmental Response Laboratory Network (ERLN)*, a national network of laboratories that
can be accessed as needed to support responses to large-scale environmental contamination incidents, and
the Water Laboratory Alliance (WLA)?, which can be accessed specifically for responses pertaining to the
Nation’s water sector.

Widely different analytical methods might be required for various phases of environmental sample
analyses in support of homeland security preparedness and response—for example, during: (1) ongoing
surveillance and monitoring; (2) response and credibility determination, to determine whether an incident
has occurred; (3) preliminary site characterizations to determine the extent and type of contamination; and
(4) confirmatory laboratory analyses to support site assessment, cleanup and clearance decisions during
site remediation. Figure 1-1 represents these analytical phases.

SAM provides information for analytical methods to be applied during the “Site Remediation” phase.
Methods have been selected to support activities related to site assessment (including preliminary,
qualitative analyses to characterize the extent of contamination), site cleanup (to evaluate the efficacy of
remediation efforts), and site clearance (releasing the remediated area for its intended use) decisions.

4 Information regarding EPA’s Environmental Response Laboratory Network (ERLN) is available at:
https://www.epa.gov/emergency-response/environmental-response-laboratory-network

5 Information regarding the Water Laboratory Alliance (WLA) is available at:
https://www.epa.gov/waterlabnetwork
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Section 1 — Introduction

Figure 1-1. Environmental Evaluation Analytical Process Roadmap for Homeland
Security Incidents

Surveillance and Monitoring
(if appropriate)

Immediate Response/
Credibility Determination

Preliminary Site
Characterization

Site Remediation

SAM
(Selected Analytical Methods for
Environmental Remediation and Recovery)

Note: Sites undergoing remediation will vary in size, location and type, and are
defined in site- and incident-specific documentation (e.g., sample collection
plan, sampling and analysis plan, quality assurance project plan).
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Section 1 — Introduction

Methods and protocols are considered for chemical, radiochemical, biological and biotoxin agents of
concern in the types of environmental samples that would be anticipated, including outdoor building and
infrastructure materials containing radiochemical contamination. Work groups also have been considering
methods that might be needed to address waste generated during site decontamination and the analytical
impacts of decontamination agents.

Surveys of available analytical methods are conducted using existing resources, including the following:

National Environmental Methods Index (NEMI) and NEMI for Chemical, Biological and
Radiological Methods (NEMI-CBR)

Environmental Monitoring Method Index (EMMI)

EPA Test Methods Index

EPA Office of Water Methods

EPA Office of Solid Waste SW-846 Methods

EPA HSRP/CESER Methods

EPA Office of Radiation and Indoor Air (ORIA) Methods

EPA Standard Operating Procedures (SOPs)

FDA Methods

USDA Methods

National Institute for Occupational Safety and Health (NIOSH) Manual of Analytical Methods
(NMAM)

Occupational Safety and Health Administration (OSHA) Index of Sampling and Analytical
Methods

AOAC International

ASTM International

International Organization for Standardization (ISO) methods

Standard Methods for the Examination of Water and Wastewater (SM)

Scientific Literature
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Section 2.0: Background

SAM technical work groups are charged with selecting methods as appropriate, determining method tier
classifications, providing input into special considerations, and adding or removing analytes of interest.
Work groups identify a single method or method group for each analyte/sample type. The goals of
selecting these methods for use by multiple laboratories during an incident include increasing analytical
efficiency, permitting sharing of sample loads between laboratories, improving data comparability, and
simplifying the task of outsourcing analytical support to the commercial laboratory sector. Use of such
methods also can improve follow-up activities, including validating results, evaluating data and making
decisions. Details regarding changes that have been incorporated into each revision of SAM are provided
in Attachment 1.

SAM analytes are selected based on criteria (e.g., environmental persistence, half-lives, availability and
toxicity) that address the needs and priorities of EPA as well as other federal agencies. The sample types
addressed are specific to each technical section and have been determined by the technical work groups to
be a concern during site remediation. SAM work groups select methods based on consideration of criteria
that emphasize method performance and include existing laboratory capabilities, laboratory capacity,
method applicability to multiple sample types, and method applicability to multiple analytes. For some
analytes, the preferred method is a clear choice; for others, competing criteria make the choice difficult.
Final method selections are based on technical recommendations from the work groups under the
direction of EPA’s HSRP. For analytes where methods or laboratory capabilities are limited, methods are
selected that may be amenable to the analyte of interest based on the analyte’s physicochemical properties
or classification. In these cases, laboratory studies to evaluate the ability of the method to measure the
target analyte(s) are either underway or needed.

Figure 2-1 summarizes steps and provides the criteria used during the method selection process. It is
important to note that the method selection criteria are listed in non-hierarchical order and, in some cases,
only a subset of the criteria was considered when selecting methods.
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Figure 2-1. Method Selection Process

Step 1

Is there an EPA
published method for
measurement of the
analyte in the sample
type of interest?

NO

Evaluate method against

»

Is there a method that has been
developed and published by another
federal agency or Voluntary Consensus
Standard Body (VCSB) for measurement
of the analyte in the sample type of
interest?

NO

Step 3

Is there an EPA,
federal, or VCSB method
that has been developed for
measurement of the analyte
in another environmental
sample type?

NO

Are there procedures
described and supported by
data in a peer-reviewed
journal article for
measurement of the analyte
in the sample type of
interest?

NO

v

Repeat Steps 1-4 to identify methods that may be
amenable to the analyte of interest based on the
analyte's physicochemical properties or classification

If no methods are available, prioritize
for further research

selection criteria

Use the following criteria as guidelines to assess which method is most
appropriate for inclusion:

» Has the method been issued by a government agency or consensus body
(e.g., ASTM, Standard Methods)?

+ Has the method been evaluated based on reliability, performance criteria

(e.g., sensitivity, specificity, false positives/false negatives, precision,

recovery)?

Is the method appropriate for measurement of this analyte in the sample

type of interest to assess extent of contamination and decontamination

effectiveness?

Has the method been tested for the specific intended use?

Is the existing lab capacity (i.e., equipment, number of labs and

trained personnel, cost) suitable for implementation of the method?

Is the required equipment readily available?

Is the method capable of detemmining viability of an organism?

What is the time required for analysis?

Are reagents, standards, controls, etc., available and accessible?

Is specific and/or unique training required?

Are large sample volumes required?

Are analytical costs significantly higher than for other comparable

methods?

Has the method already been selected for other analytes?

Are modifications needed to accommodate the analytes or sample types?

[

< Select method >

Note: Voluntary Consensus Standards Bodies (VCSBs) include organizations such as ASTM International, 1ISO,

AOAC International, and Standard Methods.
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Section 2 — Background

The primary objective of SAM is to support EPA’s ERLN and WLA by identifying methods that provide
documented analytical techniques and produce consistent results of known quality. Although ideally
methods would provide documented analytical techniques and produce consistent results of known
quality, it is not possible for the selected methods to do both in all cases. For some analyte/sample type
pairs, for example, SAM work group members have been able to identify journal articles that do not
include specific detailed techniques. In other cases, the analytical methods selected do not include quality
control specifications or criteria.

Although not all the selected methods have been validated at this time, they are considered to contain the
most appropriate currently available techniques, based on expert judgment of the SAM technical work
groups. Method usability tiers (i.e., the extent to which the methods have been tested and applied for
analysis of the specific analyte and sample type(s) for which they have been selected) are assigned to
methods that have been selected to address the chemical, pathogen and biotoxin analytes. Method
usability tiers are not assigned to methods that address radiochemistry analytes. Unless a published
method states specific applicability to the analyte/sample type for which it has been selected, it should be
assumed that method evaluation is needed, and adjustments to the procedures may be required to
accurately account for variations in analyte/sample type characteristics, environmental samples, analytical
interferences, variations in the purity and availability of reference standards, and data quality objectives
(DQOs). Where further development and testing are necessary, EPA is continuing to develop and evaluate
analytical techniques based on the methods and protocols that are listed in this document and based on
current EPA policies for validating analytical methods. Once validation is complete, data regarding
method performance and DQOs will be made available.

EPA recognizes that selection of a single method might limit laboratory capability and affect laboratory
capacity when techniques that differ from those provided in the methods are required for analysis of
difficult samples. In those cases, EPA will continue to provide technical support regarding appropriate
actions (see list of contacts in Section 4.0). Additional information is provided in the Agency Policy
Directive Number FEM-2010-01.° EPA also recognizes that selection of methods prior to the occurrence
of specific contamination incidents may result in some limitations, including the following:

. Selecting technologies that may not be the most cost-effective for addressing a particular situation;

. Selecting methodologies that may not be appropriate for use in responding to a particular incident
because EPA did not anticipate having to analyze for a particular analyte or analyte/sample type
combination; and

. Discouraging use of new and better measurement technologies.

With these limitations in mind, and towards the goal of preparedness, SAM work groups have evaluated
the suitability of existing methodologies and selected this set of methods for use by laboratories that will
be called on to support EPA environmental remediation efforts following an intentional or unintentional
contamination incident. Work groups took the following measures during method selection:

. Using an established method selection process (Figure 2-1) to help ensure that the analytical
methods listed provide results that are consistent with and support their intended use;

. Including members of the Integrated Consortium of Laboratory Networks (ICLN), which includes
the ERLN and WLA, in SAM work groups to ensure that the selected methods meet the network’s

©U.S. EPA, Forum on Environmental Measurements, July 21, 2010, Ensuring the Validity of Agency Methods
Validation and Peer Review Guidelines: Methods of Analysis Developed for Emergency Response Situations,
Agency Policy Directive Number FEM-2010-01. https://www.epa.gov/sites/production/files/2015-
01/documents/emergency_response_validity policy.pdf
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needs for consistent analytical capabilities, to address capacity, and to provide quality data to
inform remediation decisions; and

Continuing to work with multiple agencies and stakeholders to update methods and protocols, as
needed.
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Section 3.0: Scope and Application

SAM represents the latest step in an ongoing effort by EPA’s HSRP to provide selected analytical
methods for use in cases when multiple laboratories are called on to analyze environmental samples and
radioactively contaminated outdoor building material samples in support of EPA remediation and
recovery efforts following an intentional or accidental homeland security-related contamination incident.
The information is intended for use by EPA and EPA-contracted and -subcontracted laboratories, such as
laboratory members of the ERLN and WLA. It can also be used by other agencies and laboratory
networks and as a tool to assist state and local laboratories. The methods should be used to support the
following during site remediation:

. Assessment: Determine the extent of site contamination (assumes early responders have identified
contaminants prior to EPA’s remediation effort)

. Cleanup: Assess the remediation efforts during the site cleanup process

. Clearance: Confirm the effectiveness of decontamination in support of site clearance decisions

The selected methods correspond to specific analyte/sample type combinations that are listed in
Appendices A (chemical), B (radiochemical), C (pathogen) and D (biotoxin). Summaries of each method
are provided throughout Sections 5.2 (chemical methods), 6.2 and 6.3 (radiochemical methods), 7.2
(pathogen methods) and 8.2 (biotoxin methods). The information also can be found on the SAM
webpage, which provides a searchable query tool for users to access supporting information regarding the
selected methods. The methods are limited to those that would be used to determine, to the extent possible
within analytical limitations, the presence of chemical, radiochemical, pathogen and biotoxin analytes of
concern and their concentrations and activity/viability, when applicable, in environmental media and
radiochemical analytes of concern in outdoor building materials. The majority of methods include
detailed laboratory procedures for confirming the identification of analytes and determining their
concentrations in samples and, therefore, are not designed to be used for rapid or immediate response or
for conducting an initial evaluation.

EPA plans to continue to update SAM as appropriate to address the needs of homeland security, to reflect
improvements in analytical methodology and new technologies, and to incorporate changes in analytes
based on needs. The methods that have been selected for each analyte/sample type combination were
deemed the most general, appropriate, and broadly applicable of available methods by work groups
consisting of technical experts in each field, and are subject to change following further research to
improve methods or following the development of new methods. EPA also periodically provides addenda
to provide updates regarding methods, information and issues that are not addressed by the most current
versions of SAM, and the contacts listed in Section 4.0 encourage the scientific community to inform
them of any such method improvements.

SAM is not intended to provide information regarding sample collection activities or equipment. In
addition to updating selected analytes and methods, SAM work group members have developed
companion documents to provide information regarding sample collection, rapid screening and
preliminary analysis equipment, and sample disposal to supplement the selected analytical methods. The
information in the companion documents generally corresponds to the SAM analytes and methods and the
documents are updated as needed and as resources allow. Currently available HSRP-developed
companion documents are listed below and, with content descriptions, in Attachment 1.

o Field Application of Emerging Composite Sampling Methods

e Guide for Development of Sample Collection Plans for Radiochemical Analyvtes in Environmental
Matrices Following Homeland Security Events
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e Guide for Development of Sample Collection Plans for Radiochemical Analytes in Qutdoor
Infrastructure and Building Materials Following Homeland Security Incidents

e Laboratory Analytical Waste Management and Disposal Document — Companion to Selected
Analytical Methods for Environmental Remediation and Recovery

o Rapid Screening and Preliminary Identification Techniques and Methods — Companion to SAM
Revision 5.0

o Sample Collection Information Documents (SCIDs)

o Sample Collection Procedures for Radiochemistry Analytes in Environmental Matrices

o Sample Collection Procedures for Radiochemistry Analytes in Qutdoor Building and Infrastructure
Materials

o Sample Collection Protocol for Bacterial Pathogens in Surface Soil

o Sampling, Laboratory and Data Considerations for Microbial Data Collected in the Field

o Collection of Microbiological Agent Samples from Potentially Contaminated Porous Surfaces Using
Microvacuum Techniques

o Collection of Surface Samples Potentially Contaminated with Microbiological Agents Using Swabs,
Sponge Sticks and Wipes

o Collection of Air Samples Potentially Contaminated with Microbiological Agents Using Impingers,
Impactors and Low-Volume Filters

o Sampling and Analysis Plan (SAP) Template Tool for Addressing Environmental Contamination by
Pathogens and corresponding User Guide

EPA recognizes that having data of known and documented quality is critical in making proper decisions
and strives to establish site-specific DQOs for each response activity.” These DQOs are based upon needs
for both quality and response time. Many of the methods listed in SAM include QC requirements for
collecting and analyzing samples. These QC requirements may be adjusted as necessary to maximize data
and decision quality. Specific QC considerations and recommendations for analysis of samples for
chemical, radiochemical, pathogen and biotoxin analytes are provided in each corresponding section of
this document (i.e., Sections 5.1.2, 6.1.2, 7.1.2 and 8.1.2, respectively). EPA’s ERLN, which is tasked
with providing laboratory support following intentional or unintentional environmental contamination
incidents, also has established data reporting procedures. Requirements for receiving, tracking, storing,
preparing, analyzing and reporting data are specified in the U.S. EPA (2011) Environmental Response
Laboratory Network Laboratory Requirements Document; project-specific requirements also are included
in individual Analytical Service Requests (ASRs).

7 Information regarding EPA’s DQO process, considerations, and planning is provided in EPA’s Guidance on
Systematic Planning Using the Data Quality Objectives Process, EPA QA/G-4.
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Section 4.0: Points of Contact

Questions concerning this document, or the methods identified in this document, should be addressed to
the appropriate point(s) of contact identified below. EPA recommends that these contacts be consulted
regarding any method deviations or modifications, sample problems or interferences, QC requirements,
the use of potential alternative methods, or the need to address analytes or sample types other than those
listed. As previously indicated, any deviations from the recommended method(s) should be reported
immediately to ensure data comparability is maintained when responding to intentional or unintentional
contamination incidents. In cases where laboratories are specifically tasked by EPA to use these methods
following an incident, method deviations or modifications must be approved by the Analytical Service
Requestor (as defined by ERLN) prior to use. In addition, general questions and comments can be
submitted via the SAM webpage.

neral Ca .
Gene Erin Silvestri - Alternate

Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7619  silvestri.erin(@epa.gov

Kathy Hall - Primary

Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive

Cincinnati, OH 45268

(513) 379-5260  hall.kathy(@epa.gov

Jamie Falik (SAM website and tools)
Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7955  falik.jamie@epa.gov

Chemical Methods Stuart Willison - Alternate

Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7253  willison.stuart@epa.gov

Steve Reimer - Primary

U.S. EPA Region 10 - Manchester Laboratory
7411 Beach Drive East

Port Orchard, WA 98366

(360) 871-8718  reimer.steve(@epa.gov

Troy Strock - Alternate

U.S. EPA Office of Resource Conservation and
Recovery, OLEM

1301 Constitution Avenue NW

Washington, DC 20460

(202) 566-0504  strock.troy(@epa.gov
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Radiochemical Methods

John Griggs - Primary

U.S. EPA National Analytical Radiation
Environmental Laboratory, ORIA

540 South Morris Avenue

Montgomery, AL 36115-2601

(334) 270-3401  griggs.john@epa.gov

Kathy Hall - Alternate

Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive

Cincinnati, OH 45268

(513) 379-5260  hall.kathy@epa.gov

Jack Burn - Alternate

U.S. EPA National Analytical Radiation
Environmental Laboratory, ORIA

540 South Morris Avenue

Montgomery, AL 36115-2601

(334) 270-3437  burn.james@epa.gov

Pathogen Methods

Erin Silvestri - Primary

Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7619  silvestri.erin@epa.gov

Asja Korajkic - Alternate

Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7306  korajkic.asja@epa.gov

Brian McMinn - Alternate

Homeland Security Research Program
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7049 mcminn.brian@epa.gov

Biotoxin Methods

Matthew Magnuson - Primary

Homeland Security Research Program

U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7321 magnuson.matthew(@epa.gov

Heath Mash - Alternate

National Risk Management Research Laboratory
U.S. EPA ORD (681)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7713  mash.heath@epa.gov
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Section 5.0: Selected Chemical Methods

Appendix A provides a list of methods to be used in analyzing environmental samples for chemical
contaminants during remediation activities that result from a contamination incident. Methods are listed
for each analyte and for each sample type that may need to be measured and analyzed when responding to
an environmental contamination incident. In some cases, procedures from peer-reviewed journal articles
or provisional methods are listed for those analyte-sample type combinations where validated methods are
unavailable. In these instances, the best available procedure was selected based on its environmental
application and on data quality objectives (DQOs). Appendix A includes method usability tiers that have
been assigned to each method to indicate its applicability to the specific analyte-sample type
combination(s) for which it has been selected. These tiers are described in Section 5.1.1 below, and are
defined on the first page of Appendix A. As appropriate, when fully validated methods become available,
the literature references and alternative methods will be replaced.

Please note: This section provides guidance for selecting chemical methods to facilitate data
comparability when laboratories are faced with a large-scale environmental restoration crisis. Not all
methods have been verified for the analyte/sample type combinations listed in Appendix A. Please refer
to the specified method to identify analyte/sample type combinations that have been verified. Any
questions regarding information discussed in this section should be addressed to the appropriate
contact(s) listed in Section 4.0.

Appendix A is sorted alphabetically by analyte and includes the following information:
* Analyte(s). The component, contaminant or constituent of interest.

*  Chemical Abstracts Service Registry Number (CAS RN [Chemical Abstracts Service, Columbus,
OH]). A unique identifier for chemical substances that provides an unambiguous way to identify a
chemical or molecular structure when there are many possible systematic, generic or trivial names.

* Determinative technique. An analytical instrument or technique used to determine the quantity and
identification of compounds or components in a sample.

*  Method type. Two method types (sample preparation and determinative) are used to complete
sample analysis. In some cases, a single method contains information for both sample preparation and
determinative procedures. In most instances, however, two separate methods may need to be used in
conjunction.

* Solid samples. The recommended method / procedure to identify and measure the analyte of interest
in solid-phase samples.

* Non-drinking water samples. The recommended method / procedure to identify and measure the
analyte of interest in aqueous liquid-phase samples other than drinking water.

* Drinking water samples. The recommended method / procedure to identify and measure the analyte
of interest in drinking water samples.

» Air samples. The recommended method / procedure to identify and measure the analyte of interest in
air samples.

*  Wipe samples. The recommended method / procedure to identify and measure the analyte of interest
in wipes used to collect a sample from a surface.

Following an environmental contamination incident, it is assumed that only those areas with
contamination greater than pre-existing / naturally prevalent levels commonly found in the environment
would be subject to remediation. Dependent on site- and incident-specific goals, investigation of
background levels using methods listed in Appendix A is recommended.
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5.1 General Guidelines

This section provides a general overview of how to identify the appropriate chemical method(s) for a
given analyte-sample type combination, as well as recommendations for quality control (QC) procedures.

The following resources are available for additional information on the properties of the chemicals listed
in Appendix A:

»  Syracuse Research Corporation’s (SRC) PHYSPROP (http://www.srcinc.com/what-we-
do/environmental/scientific-databases.html) contains information pertaining to chemical structures,
names, physical properties and persistence. PHYSPROP is sponsored by the U.S. Environmental
Protection Agency (EPA), and is included in EPA’s Estimation Program Interface (EPI) Suite™.

e INCHEM (http://www.inchem.org/) contains both chemical and toxicity information.

»  The Registry of Toxic Effects of Chemical Substances (RTECS) database can be accessed via the
National Institute for Occupational Safety and Health (NIOSH) website
(http://www.cdc.gov/niosh/rtecs/default.html) for toxicity information.

* EPA’s Integrated Risk Information System (IRIS) (http://www.epa.gov/iris/) contains toxicity
information.

* EPA’s Water Contaminant Information Tool (WCIT) (https://www.epa.gov/waterdata/water-
contaminant-information-tool-wecit) can be accessed by registered users.

»  Forensic Science and Communications (http://www.tbi.gov/about-us/lab/forensic-science-
communications) is published by the Laboratory Division of the Federal Bureau of Investigation
(FBI).

* Joint Research Centre / Institute for Health & Consumer Protection (https://ec.europa.eu/jrc/en)
contains information regarding European Directive 67/548/EEC and Annex V.

* Agency of Toxic Substances & Disease Registry (ATSDR) Toxic Substances Portal
(http://www.atsdr.cdc.gov/toxprofiles/index.asp) provides Toxicological Profiles.

* Chemical Safety Data Sheets (http://www.ilpi.com/msds/).

*  The National Institutes of Health’s PubChem (https://pubchem.ncbi.nlm.nih.gov/) is an open
chemistry database with information on chemicals such as chemical structures, toxicity data and
chemical and physical properties.

In some cases, the availability of standards required for the selected analytical methods might be limited.
In these cases, the chemistry methods points of contact listed in Section 4.0 should be contacted for
additional information.

Some of the metal-containing analytes listed in SAM have been assigned selected methods that detect and
measure only the metal component at this time. The goal is to eventually develop or identify appropriate
methods that can be used to determine and measure the specific compounds. In the meantime, SAM
assumes a contaminant is known once SAM analytical methods are applied, and identification and
measurement of the metal provides an indication of the amount of contaminant present.

5.1.1 Standard Operating Procedures for Identifying Chemical Methods

The fitness of a method for an intended use is related to site-specific DQOs for a particular environmental
remediation activity. These selected chemical methods have been assigned tiers (below) to indicate a level
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of method usability for the specific analyte and sample type. The assigned tiers reflect the conservative
view for DQOs involving timely implementation of methods for analysis of a high number of samples
(such that multiple laboratories are necessary), low limits of identification and quantification, and
appropriate QC:

Tier I: Analyte/sample type is a target of the method(s). Data are available for all aspects of method
performance and QC measures supporting its use for analysis of environmental samples
following a contamination event. Evaluation and/or use of the method(s) in multiple
laboratories indicate that the method can be implemented with no additional modifications for
the analyte/sample type.

Tier II: (1) The analyte/sample type is a target of the method(s) and the method(s) has been evaluated
for the analyte/sample type by one or more laboratories, or (2) the analyte/sample type is not
a target of the method(s), but the method(s) has been used by laboratories to address the
analyte/sample type. In either case, available data and/or information indicate that
modifications will likely be needed for use of the method(s) to address the analyte/sample
type (e.g., due to potential interferences, alternate matrices, the need to address different
DQOs).

Tier II: ~ The analyte/sample type is not a target of the method(s), and/or no reliable data supporting
the method’s fitness for its intended use are available. Data from other analytes or sample
types, however, suggest that the method(s), with significant modification, may be applicable.

To determine the appropriate method to be used on an environmental sample, locate the analyte of
concern under the “Analyte(s)” column in Appendix A: Selected Chemical Methods. After locating the
analyte of concern, continue across the table to identify the appropriate determinative technique (e.g.,
high performance liquid chromatography [HPLC], gas chromatography-mass spectrometry [GC-MS]),
then identify the appropriate sample preparation and determinative method(s) for the sample type of
interest (solid, water, air or wipe). In some cases, two methods (sample preparation and determinative) are
needed to complete sample analysis.

Once a method has been identified in Appendix A, Table 5-1 can be used to locate the method summary.
Sections 5.2.1 through 5.2.120 below provide summaries of the sample preparation and determinative
methods listed in Appendix A.

Table 5-1. Chemical Methods and Corresponding Section Numbers

Analyte CAS RN Method Section
A-230
Methyl-[1-(diethylamino)ethylidene]- 2387496-12-8 L-A-507 Rev. 3 (EPA SOP) 5.2.62
phosphonamidofluoridate
A-232
Methyl-[1-(d|§thylam|no)ethylldene]- 2387496-04-8 L-P-107 Rev. 3 (EPA SOP) 5263
phosphoramidofluoridate
A-234
Ethyl N-[(1E)-1- 2387496-06-0
(diethylamino)ethylidene]- TO-17 (EPA ORD) 5.2.49
phosphoramidofluoridate

538 (EPA OW) 5.2.11
Acephate 30560-19-1 | J. Env. Sci. Health (2014) 49: 23-34 5.2.113

J. Chromatogr. A (2007) 1154(1): 3-25 | 5.2.114
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
3570 (EPA SW-846) 5.2.24
Acrylamide 79.06.1 8290A Appendix A (EPA SW-846) 5.2.36
8316 (EPA SW-846) 5.2.38
PV2004 (OSHA) 5.2.89
524.2 (EPA OW) 527
3570 (EPA SW-846) 5.2.24
o 5035A (EPA SW-846) 5.2.26
Acrylonitrile 107-13-1 175260D (EPA SW-846) 5.2.34
8290A Appendix A (EPA SW-846) 5.2.36
PV2004 (OSHA) 5.2.89
531.2 (EPA OW) 5.2.10
Aldicarb (Temik) 116-06-3 | 3570 (EPA SW-846) 5.2.24
) 8290A Appendix A (EPA SW-846) 5.2.36
Aldicarb sulfone 1646-88-4 8318A (EPA SW-846) 5239
Aldicarb sulfoxide 1646-87-3 | 5601 (NIOSH) 5.2.70
D7645-16 (ASTM) 5.2.97
5030C (EPA SW-846) 5.2.25
5035A (EPA SW-846) 5.2.26
Allyl alcohol 107-18-6 =5 60D (EPA SW-846) 5234
TO-15 (EPA ORD) 5.2.48
3535A (EPA SW-846) 5.2.21
) . 3570 (EPA SW-846) 5.2.24
4-Aminopyridine 504-24-5 -
8290A Appendix A (EPA SW-846) 5.2.36
8330B (EPA SW-846) 5.2.40
350.1 (EPA OW) 5.2.6
) 6016 (NIOSH) 5.2.75
Ammonia 7664-41-7
4500-NHs B (SM) 5.2.103
4500-NHs G (SM) 5.2.104
200.7 (EPA OW) 5.2.1
200.8 (EPA OW) 522
3015A (EPA SW-846) 5.2.16
Ammonium mf—:tavanadate (analyze 3050B (EPA SW-846) 5217
as total vanadium) 7803-55-6 3051A (EPA SW-846) 5218
Arsenic, Total 7440-38-2 | 6010D (EPA SW-846) 5.2.27
Arsenic trioxide (analyze as total 1327-53-3 60208 (EPA SW-846) 5.2.28
arsenic) 10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
200.7 (EPA OW) 5.2.1
200.8 (EPA OW) 52.2
3015A (EPA SW-846) 5.2.16
. . 3050B (EPA SW-846) 5217
ﬁgﬂf‘a‘?r(:;‘;'glzees)as fotal arsenic in 7784-42-1 | 3051A (EPA SW-846) 5218
6010D (EPA SW-846) 5227
6020B (EPA SW-846) 52.28
6001 (NIOSH) 5.2.71
9102 (NIOSH) 5.2.80
D5755-09(e1) (ASTM) 5.2.91
Asbestos 1332-21-4 | D6480-19 (ASTM) 5.2.92
10312:1995 (ISO) 5.2.101
Boron trifluoride 7637-07-2 | ID216SG (OSHA) 5.2.88
3541 (EPA SW-846) 5.2.22
Brodifacoum 56073-10-0 | 3945A (EPA SW-846) 5.2.23
3570 (EPA SW-846) 5224
Bromadiolone 28772-56-7 | 8290A Appendix A (EPA SW-846) 5.2.36
D7644-16 (ASTM) 5.2.96
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5223
o , 3570 (EPA SW-846) 5224
BZ [Quinuclidinyl benzilate] 6581-06-2 -
8290A Appendix A (EPA SW-846) 5.2.36
TO-10A (EPA ORD) 5.2.47
J. Chromatogr. B (2008) 874: 42-50 52.117
200.7 (EPA OW) 5.2.1
200.8 (EPA OW) 52.2
3015A (EPA SW-846) 52.16
30508 (EPA SW-846) 5217
3051A (EPA SW-846) 52.18
g;'g'n‘g arsenate (analyze as total 7778-44-1 | 6010D (EPA SW-846) 5227
6020B (EPA SW-846) 52.28
10-3.1 (EPA ORD) 5243
10-3.4 (EPA ORD) 52.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80
531.2 (EPA OW) 5.2.10
3570 (EPA SW-846) 5224
Carbofuran (Furadan) 156506, |-E220A Appendix A (EPA SW-846) 5.2.36
8318A (EPA SW-846) 5.2.39
5601 (NIOSH) 5.2.70
D7645-16 (ASTM) 5297
524.2 (EPA OW) 52.7
5030C (EPA SW-846) 5.2.25
Carbon disulfide 75-15-0 | 5035A (EPA SW-846) 5.2.26
8260D (EPA SW-846) 52.34
TO-15 (EPA ORD) 5.2.48
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
3541 (EPA SW-846) 5.2.22
Carfentanil 59708-52-0 | 3545A (EPA SW-846) 5.2.23
L-A-309 Rev. 0 (EPA SOP) 5.2.60
L-A-310 Rev. 1 (EPA SOP) 5.2.61
J. Chromatogr. B (2014) 962: 52-58 5.2.119
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
Chlorfenvinphos 470-90-6 | 8270E (EPA SW-846) 5.2.35
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
. 4500-Cl G (SM) 5.2.105
Chlorine 7782-50-5
Analyst (1999) 124(12): 1853—-1857 5.2.106
5030C (EPA SW-846) 5.2.25
5035A (EPA SW-846) 5.2.26
2-Chloroethanol 107-07-3
8260D (EPA SW-846) 5.2.34
2513 (NIOSH) 5.2.66
TO-10A (EPA ORD) 5.2.47
3-Chloro-1,2-propanediol 96-24-2 | ST Lipid Sci. Technol. (2011) 13- 5 5 40
J. Chromatogr. A (2000) 866: 65—77 52111
551.1 (EPA OW) 5.2.14
Chloropicrin 76-06-2 | EPA/600/R-16/114 5.2.55
PV2103 (OSHA) 5.2.90
Chlorosarin 1445-76-7 | TO-17 (EPA ORD) 5.2.49
Chlorosoman 7040-57-5 | EPA/600/R-16/115 5.2.56
Analyze as CVAA and CVAOA
EPA/600/R-15/258 5.2.54
Analyze as total arsenic
200.7 (EPA OW) 5.21
200.8 (EPA OW) 522
3015A (EPA SW-846) 5.2.16
2-Chlorovinylarsonic acid (CVAOA) 64038-44-4 30508 (EPA SW-846) 5217
2-Chlorovinylarsonous acid (CVAA) 85090-33-1 | 3051A (EPA SW-846) 5.2.18
6010D (EPA SW-846) 5.2.27
6020B (EPA SW-846) 5.2.28
10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80
525.2 (EPA OW) 5.2.8
Chlorpyrifos 2921-88-2 | TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
540 (EPA OW) 5.2.12
Chlorpyrifos oxon 5598-15-2 | TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
Crimidine 535-89-7 | EPA/600/R-16/114 5.2.55
. o RLAB Method 3135.21 (EPA Region 7) 5.2.42
Cyanide, Amenable to chlorination NA
4500-CN G (SM) 5.2.102
335.4 (EPA OW) 525
Cyanide, Total 57-12-5 | ISM02.3 CN (EPA CLP) 5.2.41
6010 (NIOSH) 5.2.73
TO-15 (EPA ORD) 5.2.48
Cyanogen chloride 506-77-4 | Encyclopedia of Anal. Chem. (2006) 52108
DOI:10.1002/9780470027318.a0809
TO-17 (EPA ORD) 5.2.49
Cyclohexyl sarin (GF) 329-99-7
EPA/600/R-16/115 5.2.56
524.2 (EPA OW) 5.2.7
5030C (EPA SW-846) 5.2.25
1,2-Dichloroethane 107-06-2 | 5035A (EPA SW-846) 5.2.26
8260D (EPA SW-846) 5.2.34
TO-15 (EPA ORD) 5.2.48
525.2 (EPA OW) 5.2.8
3535A (EPA SW-846) 5.2.21
Dichlorvos 62-73-7 | 8270E (EPA SW-846) 5.2.35
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
3535A (EPA SW-846) 5.2.21
. 8270E (EPA SW-846) 5.2.35
Dicrotophos 141-66-2
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
3541 (EPA SW-846) 5.2.22
Diesel range organics NA | 3545A (EPA SW-846) 5.2.23
3570 (EPA SW-846) 5.2.24
8015D (EPA SW-846) 5.2.33
8290A Appendix A (EPA SW-846) 5.2.36
538 (EPA OW) 5.2.11
) TO-10A (EPA ORD) 5.2.47
(D[')'f‘,\jl’g;"py' methylphosphonate 1445-75-6 | EPA/BOO/R-13/224 5.2.52
D7597-16 (ASTM) 5.2.93
E2866-12 (ASTM) 5.2.100
. . EPA/600/R-16/114 5.2.55
Dimethylphosphite 868-85-9
TO-10A (EPA ORD) 5.2.47
TO-10A (EPA ORD) 5.2.47
. L . EPA/600/R-13/224 5.2.52
Dimethylphosphoramidic acid 33876-51-6
D7597-16 (ASTM) 5.2.93
E2866-12 (ASTM) 5.2.100
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
Diphacinone 82-66-6 | 3570 (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.36
D7644-16 (ASTM) 5.2.96
. 298-04-4 | 555 2 (EPA OW) 52.8
Disulfoton
Disulfoton sulfone oxon 2496-91-5
EPA/600/R-16/114 5.2.55
Disulfoton sulfoxide 2497-07-6
Disulfoton sulfoxide oxon 5600 (NIOSH) 5.2.69
2496-92-6
1,4-Dithiane 505-29-3 | EPA/600/R-16/114 5.2.55
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
EA2192 [S-2-(diisopropylamino)ethyl 3570 (EPA SW-846) 5.2.24
methylphosphonothioic acid] 73207984 or50 Appendix A (EPA SW-846) 5.2.36
TO-10A (EPA ORD) 5.2.47
EPA/600/R-15/097 5.2.53
TO-10A (EPA ORD) 5.2.47
. EPA/600/R-13/224 5.2.52
Ethyl methylphosphonic acid (EMPA) 1832-53-7 D7597-16 (ASTM) 5293
E2866-12 (ASTM) 5.2.100
3535A (EPA SW-846) 5.2.21
3541 (EPA SW-846) 5.2.22
. : 3545A (EPA SW-846) 5.2.23
Ethyldichloroarsine (ED) 598-14-1 8270E (EPA SW-846) 5235
TO-15 (EPA ORD) 5.2.48
9102 (NIOSH) 5.2.80
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
N-Ethyldiethanolamine (EDEA) 139-87-7 | EPA/600/R-11/143 (EPA / CDC) 5.2.50
3509 (NIOSH) 5.2.67
D7599-16 (ASTM) 5.2.95
5030C (EPA SW-846) 5.2.25
) 5035A (EPA SW-846) 5.2.26
Ethylene oxide 75-21-8
8260D (EPA SW-846) 5.2.34
TO-15 (EPA ORD) 5.2.48
525.2 (EPA OW) 5.2.8
Fenamiphos 22224-92-6 | TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
3541 (EPA SW-846) 5.2.22
Fentanyl 437-38-7 3545A (EPA SW-846) 5.2.23
L-A-309 Rev. 0 (EPA SOP) 5.2.60
L-A-310 Rev. 1 (EPA SOP) 5.2.61
\1164Cgromatogr. A (2011) 1218: 1620— 592116
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
Fluoride 16984-48-8 | 300.1, Rev 1.0 (EPA OW) 524
Fluoroacetamide 640-19-7 #'Oghromatogr' B (2008) 876(1): 103~ 5.2.118
o EPA/600/R-18/056 5.2.58
E;L:;roacetlc acid and fluoroacetate NA | S301-1 (NIOSH) 5083
J. Chromatogr. A (2007) 1139: 271-278 | 5.2.112
5030C (EPA SW-846) 5.2.25
5035A (EPA SW-846) 5.2.26
2-Fluoroethanol 371-62-0
8260D (EPA SW-846) 5.2.34
2513 (NIOSH) 5.2.66
fFll'J‘gorirg:')"C'C acid (analyze as 16961-83-4 | 300.1, Rev 1.0 (EPA OW) 5.2.4
556.1 (EPA OW) 5.2.15
3570 (EPA SW-846) 5.2.24
Formaldehyde 50-00-0 | 8290A Appendix A (EPA SW-846) 5.2.36
8315A (EPA SW-846) 5.2.37
2016 (NIOSH) 5.2.65
3570 (EPA SW-846) 5.2.24
5030C (EPA SW-846) 5.2.25
Gasoline range organics NA | 5035A (EPA SW-846) 5.2.26
8015D (EPA SW-846) 5.2.33
8290A Appendix A (EPA SW-846) 5.2.36
3535A (EPA SW-846) 5.2.21
Hexahydro-1,3,5-trinitro-1,3,5- 121-82-4 3570 (EPA SW-846) 5.2.24
triazine (RDX) 8290A Appendix A (EPA SW-846) 5.2.36
8330B (EPA SW-846) 5.2.40
3535A (EPA SW-846) 5.2.21
. o 3570 (EPA SW-846) 5.2.24
(H:I\’/‘Iirg‘;thy'e”et”perox'ded'am'”e 283-66-9 | 8290A Appendix A (EPA SW-846) 5236
8330B (EPA SW-846) 5.2.40
Analyst (2001) 126: 1689-1693 5.2.107
oo e 1903 438 | oor pwos
Hydrogen cyanide 74-90-8 | 6010 (NIOSH) 5.2.73
Hydrogen fluoride 7664-39-3 | 7906 (NIOSH) 5.2.78
Hydrogen sulfide 2148878 | 6013 (NIOSH) 5.2.74
TO-10A (EPA ORD) 5.2.47
Isopropyl methylphosphonic acid 1832-54.8 EPA/600/R-13/224 5.2.52
(IMPA) D7597-16 (ASTM) 5.2.93
E2866-12 (ASTM) 5.2.100
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
3541 (EPA SW-846) 5.2.22
Kerosene 64742-81-0 | 3545A (EPA SW-846) 5.2.23
3570 (EPA SW-846) 5.2.24
8015D (EPA SW-846) 5.2.33
8290A Appendix A (EPA SW-846) 5.2.36
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
200.7 (EPA OW) 5.2.1
200.8 (EPA OW) 5.2.2
3015A (EPA SW-846) 5.2.16
3050B (EPA SW-846) 5.2.17
3051A (EPA SW-846) 5.2.18
Lead _arsenate (analyze as total 7645-25.2 | 6010D (EPA SW-846) 52927
arsenic) 6020B (EPA SW-846) 5.2.28
10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80
Analyze as lewisite |, 2, 3 or lewisite oxide
EPA/600/R-15/258 5.2.54
Analyze as total arsenic
Lewisite 1 (L-1) 200.7 (EPA OW) 5.2.1
[2-chlorovinyldichloroarsine] 541-25-3 200.8 (EPA OW) 522
ngisite 5 (L—?) | 40334.60.6 3015A (EPA SW-846) 5.2.16
[bis(2-chlorovinyl)chloroarsine] 3050B (EPA SW-846) 5.2.17
o 40334-70-1 3051A (EPA SW-846) 5.2.18
Lewisite 3 (L-3)
[tris(2-chlorovinyl)arsine] 1306-02-1 6010D (EPA SW-846) 5.2.27
6020B (EPA SW-846) 5.2.28
Lewisite oxide 10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80
) ) 245.1 (EPA OW) 5.2.3
mz:gs:'y") chioride (analyze as total 7487-94-7 | 7473 (EPA SW-846) 5.2.31
9102 (NIOSH) 5.2.80
245.1 (EPA OW) 523
7473 (EPA SW-846) 5.2.31
Mercury, Total 7439-97-6
10-5 (EPA ORD) 5.2.46
9102 (NIOSH) 5.2.80
538 (EPA OW) 5.2.11
Methamidophos 10265-92-6 | J. Env. Sci. Health (2014) 49: 23-34 5.2.113
J. Chromatogr. A (2007) 1154(1): 3-25 5.2.114
531.2 (EPA OW) 5.2.10
3570 (EPA SW-846) 5.2.24
Methomyl 16752-77-5 | 8290A Appendix A (EPA SW-846) 5.2.36
8318A (EPA SW-846) 5.2.39
5601 (NIOSH) 5.2.70
245.1 (EPA OW) 5.2.3
Methoxyethylmercuric acetate 151-38-2 7473 (EPA SW-846) 5.2.31
(analyze as total mercury) I0-5 (EPA ORD) 5.2.46
9102 (NIOSH) 5.2.80
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
524.2 (EPA OW) 527
3570 (EPA SW-846) 5.2.24
" 5035A (EPA SW-846) 5.2.26
Methyl acrylonitrile 126-98-7
8260D (EPA SW-846) 5.2.34
8290A Appendix A (EPA SW-846) 5.2.36
PV2004 (OSHA) 5.2.89
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
3541 (EPA SW-846) 5.2.22
3-Methyl fentanyl 42045-87-4 | 3545A (EPA SW-846) 5.2.23
L-A-309 Rev. 0 (EPA SOP) 5.2.60
L-A-310 Rev. 1 (EPA SOP) 5.2.61
J. Chromatogr. B (2014) 962: 52-58 5.2.119
EPA/600/R-18/056 5.2.58
gﬂuffg’gégt‘;rtgﬁgﬁt)ate (analyze as 453-18-9 | S301-1 (NIOSH) 5.2.83
J. Chromatogr. A (2007) 1139: 271-278 5.2.112
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
i 3570 (EPA SW-846) 5.2.24
Methyl hydrazine 60-34-4 -
8290A Appendix A (EPA SW-846) 5.2.36
3510 (NIOSH) 5.2.68
J. Chromatogr. (1993) 617: 157-162 5.2.110
Methyl isocyanate 624-83-9 | OSHA 54 5.2.85
3535A (EPA SW-846) 5.2.21
Methyl paraoxon 950-35-6 | 8270E (EPA SW-846) 5.2.35
Methy! parathion 298-00-0 | TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
Methylamine 74-89-5 | OSHA 40 5.2.84
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
N-Methyldiethanolamine (MDEA) 105-59-9 | EPA/600/R-11/143 (EPA / CDC) 5.2.50
3509 (NIOSH) 5.2.67
D7599-16 (ASTM) 5.2.95
1-Methylethyl ester 1189-87-3 TO-17 (EPA ORD) 5.2.49
ethylphosphonofluoridic acid (GE) EPA/600/R-16/115 5.2.56
TO-10A (EPA ORD) 5.2.47
o EPA/600/R-13/224 5.2.52
Methylphosphonic acid (MPA) 993-13-5
D7597-16 (ASTM) 5.2.93
E2866-12 (ASTM) 5.2.100
525.2 (EPA OW) 5.2.8
3535A (EPA SW-846) 5.2.21
Mevinphos 7786-34-7 | 8270E (EPA SW-846) 5.2.35
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
3535A (EPA SW-846) 5.2.21
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
Monocrotophos 6923-22-4 | 3570 (EPA SW-846) 5.2.24
8270E (EPA SW-846) 5.2.35
8290A Appendix A (EPA SW-846) 5.2.36
TO-10A (EPA ORD) 5.2.47
Mustard, nitrogen (HN-1
[bis(2-ch|oroe31yl)-(ethyla)mine] 538-07-8 T0-17 (EPA ORD) 5.2.49
Mustard, nitrogen (HN-2.) . 51-75-2
[2,2’-dichloro-N-methyldiethylamine
N,N-bis(2-chloroethyl)-methylamine]
Mustard. nit EPA/600/R-12/653 5.2.51
(Hlfxls-g)r [t’rinsl(;?gﬁlgroethw)-amine] 595-77-1
TO-17 (EPA ORD) 5.2.49
Mustard, sulfur / Mustard gas (HD) 505-60-2
EPA/600/R-16/115 5.2.56
3535A (EPA SW-846) 5.2.21
Nicotine compounds 54-11-5 | 8270E (EPA SW-846) 5.2.35
EPA/600/R-16/114 5.2.55
3535A (EPA SW-846) 5.2.21
Octahydro-1,3,5,7-tetranitro-1,3,5,7- 2691-41-0 3570 (EPA SW'846) 5.2.24
tetrazocine (HMX) 8290A Appendix A (EPA SW-846) 5.2.36
8330B (EPA SW-846) 5.2.40
3015A (EPA SW-846) 5.2.16
3051A (EPA SW-846) 5.2.18
Osmium tetroxide (analyze as total 20816-12-0 6010D (EPA SW-846) 5.2.27
osmium) 6020B (EPA SW-846) 5.2.28
10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
531.2 (EPA OW) 5.2.10
3570 (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.36
Oxamyl 23135-22-0
8318A (EPA SW-846) 5.2.39
5601 (NIOSH) 5.2.70
D7645-16 (ASTM) 5.2.97
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
Paraoxon 311-45-5 | 8270E (EPA SW-846) 5.2.35
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
549.2 (EPA OW) 5.2.13
Paraquat 4685-14-7 | J. Chromatogr. A (2008) 1196-97: 110— 52115
116 -
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Analyte CAS RN Method Section
3520C (EPA SW-846) 5.2.20
3535A (EPA SW-846) 5.2.21
Parathion 56-38-2 | 8270E (EPA SW-846) 5.2.35
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
3535A (EPA SW-846) 5.2.21
. ) 3570 (EPA SW-846) 5.2.24
Pentaerythritol tetranitrate (PETN) 78-11-5 -
8290A Appendix A (EPA SW-846) 5.2.36
8330B (EPA SW-846) 5.2.40
TO-10A (EPA ORD) 5.2.47
o EPA/600/R-16/114 5.2.55
Phencyclidine 77-10-1
9106 (NIOSH) 5.2.81
9109 (NIOSH) 5.2.82
3535A (EPA SW-846) 5.2.21
8270E (EPA SW-846) 5.2.35
Phorate 298-02-2
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
Phorate sulfone 2588-04-7 | 540 (EPA OW) 52.12
Phorate sulfone oxon 2588-06-9
TO-10A (EPA ORD) 5.2.47
Phorate sulfoxide 2588-03-6
Phorate sulfoxide oxon 2588-05-8 | EPA/BO0/R-16/114 5.2.55
Phosgene 75-44-5 | OSHA 61 5.2.86
525.3 (EPA OW) 5.2.9
3520C (EPA SW-846) 5.2.20
) 3535A (EPA SW-846) 5.2.21
Phosphamidon 13171-21-6
8270E (EPA SW-846) 5.2.35
EPA/600/R-16/114 5.2.55
TO-10A (EPA ORD) 5.2.47
Phosphine 7803-51-2 | 6002 (NIOSH) 5.2.72
Phosphorus trichloride 7719122 | 6400 (NIOSH) 52.76
TO-10A (EPA ORD) 5.2.47
Pinacolyl methyl phosphonic acid EPA/600/R-13/224 5.2.52
616-52-4
(PMPA) D7597-16 (ASTM) 5.2.93
E2866-12 (ASTM) 5.2.100
5030C (EPA SW-846) 5.2.25
. 5035A (EPA SW-846) 5.2.26
Propylene oxide 75-56-9
8260D (EPA SW-846) 5.2.34
1612 (NIOSH) 5.2.64
R 33 (VR) [methylphosphonothioic TO-17 (EPA ORD) 52.49
acid, S-[2-(diethylamino)ethyl] O-2- 159939-87-4
methylpropy! ester] EPA/600/R-12/653 5.2.51
Sarin (GB) 107-44-8 | TO-17 (EPA ORD) 5.2.49
Soman (GD) 96-64-0 | EPA/600/R-16/115 5.2.56
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Analyte CAS RN Method Section
200.7 (EPA OW) 5.2.1
200.8 (EPA OW) 5.2.2
3015A (EPA SW-846) 5.2.16
3050B (EPA SW-846) 5.2.17
. . 3051A (EPA SW-846) 5.2.18
Sr';‘gr‘]‘irg)arse”'te (analyze as total 7784-46-5 | 6010D (EPA SW-846) 5.2.27
6020B (EPA SW-846) 5.2.28
10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80
300.1, Rev 1.0 (EPA OW) 5.2.4
Sodium azide (analyze as azide ion) 26628-22-8 | ID-211 (OSHA) 5.2.87
J. Forensic Sci. (1998) 43(1): 200-202 5.2.120
3535A (EPA SW-846) 5.2.21
Strychnine 57-24-9 | 8270E (EPA SW-846) 5.2.35
EPA/600/R-16/114 5.2.55
TO-17 (EPA ORD) 5.2.49
Tabun (GA) 77-81-6
EPA/600/R-12/653 5.2.51
3511 (EPA SW-846) 5.2.19
8270E (EPA SW-846) 5.2.35
Tetraethyl pyrophosphate (TEPP) 107-49-3
TO-10A (EPA ORD) 5.2.47
EPA/600/R-16/114 5.2.55
Tetramethylenedisulfotetramine 80-12-6 TO-10A (EPA ORD) 5.2.47
(TETS) EPA/600/R-16/114 5.2.55
200.7 (EPA OW) 5.2.1
200.8 (EPA OW) 5.2.2
3015A (EPA SW-846) 5.2.16
3050B (EPA SW-846) 5.2.17
. 3051A (EPA SW-846) 5.2.18
;Z"‘l‘l'i'l'ﬁn"; sulfate (analyze as total 10031-59-1 | 6010D (EPA SW-846) 5.2.27
6020B (EPA SW-846) 5.2.28
10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80
TO-10A (EPA ORD) 5.2.47
o D7598-16 (ASTM) 5.2.94
Thiodiglycol (TDG) 111-48-8
E2787-11 (ASTM) 5.2.98
E2838-11 (ASTM) 5.2.99
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Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
538 (EPA OW) 5.2.11
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
Thiofanox 39196-18-4 | 3570 (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.36
5601 (NIOSH) 5.2.70
D7645-16 (ASTM) 5.2.97
1,4-Thioxane 15980-15-1 | EPA/600/R-16/114 5.2.55
o _ 3051A (EPA SW-846) 5.2.18
ggmi‘iﬂjﬁ?"h'or'de (analyze as 7550-45-0 | 6010D (EPA SW-846) 5.2.27
6020B (EPA SW-846) 5.2.28
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
Triethanolamine (TEA) 102-71-6 | EPA/600/R-11/143 (EPA / CDC) 5.2.50
3509 (NIOSH) 5.2.67
D7599-16 (ASTM) 5.2.95
3541 (EPA SW-846) 5.2.22
3545A (EPA SW-846) 5.2.23
, _ 3570 (EPA SW-846) 5.2.24
Trimethyl phosphite 121-45-9
8270E (EPA SW-846) 5.2.35
8290A Appendix A (EPA SW-846) 5.2.36
TO-10A (EPA ORD) 5.2.47
3535A (EPA SW-846) 5.2.21
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 | 3570 (EPA SW-846) 59224
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 | 8290A Appendix A (EPA SW-846) 5.2.36
8330B (EPA SW-846) 5.2.40
200.7 (EPA OW) 5.2.1
200.8 (EPA OW) 5.2.2

3015A (EPA SW-846) 5.2.16
3050B (EPA SW-846) 5.2.17
3051A (EPA SW-846) 5.2.18
)
)

Vanadium pentoxide (analyze as

- 1314-62-1 | 6010D (EPA SW-846 5.2.27
total vanadium)

6020B (EPA SW-846 5.2.28

10-3.1 (EPA ORD) 5.2.43
10-3.4 (EPA ORD) 5.2.44
10-3.5 (EPA ORD) 5.2.45
9102 (NIOSH) 5.2.80

SAM 2022 27 September 2022



Section 5.0 — Selected Chemical Methods

Analyte CAS RN Method Section
VE [phosphonothioic acid, ethyl-, S-
(2-(diethylamino)ethyl) O-ethyl ester]
21738-25-0
VG [phosphonothioic acid, S-(2- TO-17 (EPA ORD) 5.2.49
(diethylamino)ethyl) O,O-diethyl 78-53-5
ester]
VM [phosphonothioic acid, methyl-,S- 21770-86-5
(2-(diethylamino)ethyl) O-ethyl ester]
EPA/600/R-16/116 5.2.57
VX [O-ethyl-S-(2- 50782-69-9
diisopropylaminoethyl) methyl-
phosphonothiolate]
3570 (EPA SW-846) 5.2.24
) 7580 (EPA SW-846) 5.2.32
White phosphorus 12185-10-3 -
8290A Appendix A (EPA SW-846) 5.2.36
7905 (NIOSH) 5.2.77

The following analytes should be prepared and/or analyzed by the following methods only if problems (e.g.,
insufficient recovery, interferences) occur when using the sample preparation / determinative techniques
identified for these analytes in Appendix A.

Allyl alcohol 107-18-6 TO-10A (EPA ORD) 5.2.47
3-Chloro-1,2-propanediol 96-24-2 TO-15 (EPA ORD) 5.2.48
Chlorosarin 1445-76-7

TO-15 (EPA ORD) 5.2.48
Chlorosoman 7040-57-5
Diisopropyl methylphosphonate 1445.75-6 | TO-15 (EPA ORD) 5.2.48
(DIMP)
Mercuric chloride (analyze as total 7487-94-7 7470A (EPA SW-846) 5.2 .29
mercury)
Mercury, Total 7439-97-6 7471B (EPA SW-846) 5.2.30
Methamidophos 10265-92-6 5600 (NIOSH) 5.2.69
Methoxyethylmercuric acetate 151-38.2 7470A (EPA SW-846) 5.2.29
(analyze as total mercury) 7471B (EPA SW-846) 5.2.30
1-Methylethyl ester
ethylphosphonofluoridic acid (GE) 1189-87-3 TO-15 (EPA ORD) 5248
Sarin (GB) 107-44-8

TO-15 (EPA ORD) 5.2.48
Soman (GD) 96-64-0

5030C (EPA SW-846) 5.2.25
1,4-Thioxane 15980-15-1 5035A (EPA SW-846) 5.2.26

8260D (EPA SW-846) 5.2.34

Method summaries are listed in order of method selection hierarchy (see Figure 2-1), starting with EPA
methods, followed by methods from other federal agencies, voluntary consensus standard bodies
(VCSBs), and literature references. Methods are listed in numerical order under each publisher. Where
available, a direct link to the full text of the method is provided in the method summary. For additional

information on preparation procedures and methods available through consensus standards organizations,

please use the contact information provided in Table 5-2.
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Table 5-2. Sources of Chemical Methods

Name Publisher Reference

National Environmental Methods Index EPA, U.S. Geological htto://www.nemi.qov

(NEMI) Survey (USGS) = e

EPA Contract Laboratory Program .

(CLP) Methods EPA, CLP https://www.epa.gov/clp

EPA Office of Water (OW) Methods EPA OW https://www.epa.gov/dwanalyticalmetho

ds

EPA Solid Waste (SW)-846 Methods

EPA Office of Land and
Emergency Management
(OLEM)

https://www.epa.gov/hw-sw846/sw-846-
compendium

EPA Office of Research and

https://www.epa.gov/aboutepa/about-

EPA Analytical Protocols and Standard
Operating Procedures

Environmental Security and
Emergency Response
(CESER) [formerly EPA
National Homeland Security
Research Center (NHSRC)]

Development (ORD) Methods EPA ORD office-research-and-development-ord
. . EPA Office of Air and https://www.epa.gov/amtic/air-
EPA Air Toxics Methods Radiation (OAR) monitoring-methods
EPA Center for

https://www.epa.gov/homeland-security-
research/forms/contact-us-about-
homeland-security-research

Occupational Safety and Health
Administration (OSHA) Methods

OSHA

http://www.osha.gov/dts/sltc/methods/in
dex.html

NIOSH Methods

NIOSH

http://www.cdc.gov/niosh/nmam/

Standard Methods for the Examination
of Water and Wastewater (SM), 23™
Edition, 2017*

American Public Health
Association (APHA)

http://www.standardmethods.org

Annual Book of ASTM Standards*

ASTM International

http://www.astm.org

International Organization for
Standardization (ISO) Methods*

ISO

http://www.iso.org

Official Methods of Analysis of AOAC
International*

AOAC International

http://www.aoac.org

Analyst*

Royal Society of Chemistry

http://www.rsc.org/Publishing/Journals/
AN/

Journal of Chromatography A and B*

Elsevier Science Publishers

http://www.journals.elsevier.com/journal
-of-chromatography-a/

Journal of Forensic Sciences*

ASTM International

https://www.astm.org/DIGITAL LIBRAR
Y/JOURNALS/FORENSIC/index.html

Journal of Environmental Science
Health

Taylor & Francis Online

https